Ab~ra~: o~-Oxophosphonium ylides (3a-3e) react with N-chlorosnccinimide and N-bromosuccinimide in the presence of azidotrimethylsilane giving the ~rtesponding haloazidoalkenes (4a--4~ with elimination of triphenylphosphine oxide. These cempouads were cempletely converted to the 2H-azirines Sa..~g on heating in heptane. © 1999 Elsevier Science Ltd. All fights reserved.
2H-Azirines 1 are unsaturated three-membered heterocycles which are used for various synthetic purposes due to the high reactivity of such molecules.l The most general method of synthesis of 2H-azirines is the thermal or photochemical decomposition of vinyl azides involving vinyl nitrenes as intermediates.l-4 There are very few literature reports of halo substituted azirines. 3. 4 The reaction of iodine azide 3a,b or chlorine azide 3c with chloroalkenes followed by elimination of hydrogen iodide or hydrogen chloride gives the corresponding chlorovinyl azides which can be converted into chloroazirines (la -lc). There are also a few examples of fluorinated 2H-azirines, such as 2a and 2b, prepared from fluorovinyl azides.4a, b No bromo-2H-azirines have been reported before. la R l = R 2 = Me lb Rl = Ph; R2=Me lcR 1 = R2 = ph 2aR 1 --F; R2 = CF3 2bR I=CF3; R2=F
In this paper we describe a new and general route to 2-halo-2H-azirines starting from phosphorus ylides. We have recently report~ the synthesis of tetrasubstituted alkenes by the reaction of phosphorus ylide 3a with chlorine and bromine in the presence of nucleophiles 5 (Scheme 1). Similar reactions occur between ylide 3a and N-chlorosuccinimide and N-bromosuccinimide in the presence of methanol or azidotrimethylsilane. We postulated that isomeric halonium ions were intermediates in the formation of the observed products. These halonium ions could interconvert by way of an acyclic cation. The opening of the two halonium ions by a nucleophile would lead to the isomeric alkenes after the elimination of triphenylphosphine oxide (Scheme 2).
Scheme 2
Of particular interest is the possibility of preparing haloazidoalkenes from phosphorus ylides with Nchlorosuccinimide and N-bromosuccinimide in the presence of azidotrimethylsilane since these compounds are potential precursors of 2-halo-2H-azirines. In fact ylide 3a can be used to prepare alkenes 4a. 5 We decided to study the possibility of extending our reaction to other phosphorus ylides in order to obtain a range of haloazidoalkenes. Ylides 3b -3e 6 were converted into the corresponding alkenes in good yield (Scheme 3). The products 4b, 4c and 4g were obtained as a mixture ofE / Z isomers whereas alkenes 4d, 4e and 4f were obtained as single isomers. 4a R 1 = R 2 = CO2Et; X = CI 90% 4b R 1 = R 2 = CO2Me; X = Cl 75% 4c R 1 = R 2 = CO2Me; X = Br 89% 4d R 1 = Ph; R 2 = CO2Et; X = CI 98% 4e R 1 = Ph; R 2 = CO2Et; X = Br 60% 4f R 1 = COPh; R 2 = CO2Me; X = C1 40% 4g R l = Me; R 2 = CO2Me; X = Br 89%
Scheme 3
Alkenes 4a -4g are easily and completely converted into the corresponding 2H-azirines (Sa -5g) on heating in heptane for 2-3 hours s (Scheme 4). The reaction can be followed by TLC and by IR by monitoring the disappearance of the band corresponding to the azido group of the starting azidoalkenes (~ -2110-2120 cm-1). The 13C NMR spectra of the 2H-azirines show the sp 2 carbon between 155 and 166 ppm and the sp 3 carbon between 43 and 63 ppm depending on the substitution pattern. Compounds 5b and $f show the signal for the sp 3 carbon coincident with the signal for the methyl group (Table) .
L'abb6 et al. 2 studied the thermolysis of dimethyl azidobutenedioate and found that starting from the Z isomer only dimethyl 2H-azirine-2,3-dicarboxy!ate was formed while the E isomer gave a mixture of the azifine and methyl 5-methoxyisoxazole-3-carboxylate: However in our study we always obtained quantitative conversions of the alkenes Which means that both isomers give the corresponding 2H-azirine.
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N 5a R I = R 2 = CO2Et, X = Cl 5b R I = R2= CO2Me; X = C1 5c R I = R 2 = CO2Me; X = Br R l = ph; R2 = CO2Et; X = CI .fro R I --Ph; R 2 = CO2Et; X = Br 5f R l = COPh; R 2 = CO2Me; X = el 5g R 1 = Me; R 2 = CO2Me; X = Br Scheme 4 This work has provided the synthesis of a range of isolable but unstable 2-halo-2H-azirines including 2-halo-2H-azirines bearing electron withdrawing groups at C-2 and C-3 ($a, b'b, 5c and 51), 2-halo-2H-azirines bearing electron withdrawing groups at C-2 and a phenyl at C-3 (f~l and 5e) and a 2-halo-2H-azirine derivative having an electron withdrawing group at C-2 and a methyl group at C-3. Azirines with electron withdrawing groups at C-3 decomposed in the condensed phase within 2-3 days at room temperature whereas azirines with a phenyl or methyl group at C-3 showed more stability. The route to halo-2H-azirines starting from phosphorus ylides presents itself as a very general method.
